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Two virtually superimposable molecules comprise the asym- 
metric unit of the title compound, C27H27N3. The range of 
dihedral angles between the central 1,3,5-triazine ring and the 
attached benzene rings is 20.88 (14)-31.36 (14)°, and the 
shape of each molecule is of a flattened bowl. The crystal 
packing features weak C— H- ■ -tt bonds and jr-7r interactions 
between triazine and benzene rings [centroid-centroid 
separations = 3.7696 (17) and 3.7800 (18) A] that result in 
the formation of supramolecular layers in the ac plane. The 
crystal studied was a non-merohedral twin with a minor twin 
component of 20.7 (3)%. 

Related literature 

For the synthesis, see: Orban et al. (1988). For the crystal 
structure of s-triphenyltriazine, see: Damiani et al. (1965). For 
homologues, see: Bosch & Barnes (2002); Thalladi et al. 
(1999); Volkis et al. (2003). For the separation of twinned 
diffraction indices, see: Spek (2009). 




Experimental 

Crystal data 

C 27 H 27 N 3 
M r = 393.52 
Triclinic, PI 
a = 7.4663 (4) A 
b = 15.0789 (13) A 
c = 19.7266 (12) A 
a = 109.016 (7)° 
P = 90.949 (5)° 

Data collection 

Agilent SuperNova Dual 
diffractometer with an Atlas 
detector 

Absorption correction: multi-scan 
(CrysAlis PRO; Agilent, 2012) 
= 0.978, T max = 0.996 

Refinement 

R[F 2 > 2a(F 2 )} = 0.085 

wR(F 2 ) = 0.222 

5 = 1.04 

9597 reflections 



y = 93.717 (6)° 
V = 2093.6 (2) A 3 
Z = 4 

Mo Ka radiation 
li = 0.07 mm -1 
T = 100 K 

0.30 x 0.15 x 0.05 mm 



14777 measured reflections 
9605 independent reflections 
5518 reflections with / > 2a(I) 
R<„, = 0.058 



554 parameters 

H-atom parameters constrained 
Ap max = 0.36 e A~ 3 
Ap mi „ = -0.39 e A~ 3 



Table 1 

Hydrogen-bond geometry (A, °). 

Cgl-CgA are the centroids of the C39-C44, C31-C36, C12-C17 and C4-C9 
rings, respectively. 



D-H- - A 




D-H 


H-A 


D-A 


D-H- - A 


C11-H11B- 


■ CgV 


0.98 


2.97 


3.777 (4) 


140 


C18-H18B- 


■ -Cg2" 


0.98 


2.91 


3.688 (4) 


137 


C38-H38C- 


■ -CgT 


0.98 


2.84 


3.756 (4) 


155 


C45-H45B- 


■ Cg4™ 


0.98 


2.77 


3.596 (4) 


142 


Symmetry 


codes: (i) 


-x, -y H 


- 1, -z + 1; (ii) 


-x. -v + 


1.-Z + 2; (m) 


-v+ l,-y + 


1.-Z + 2; (iv) 


X + 1, 


-3> + l,-z + l. 







Data collection: CrysAlis PRO (Agilent, 2012); cell refinement: 
CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
X-SEED (Barbour, 2001), Qmol (Gans & Shalloway, 2001) and 

DIAMOND (Brandenburg, 2006); software used to prepare material 

t Additional correspondence author, e-mail: cesyyy@mail.sysu.edu.cn. for publication: publCIF (Westrip, 2010). 
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2,4,6-Tris(2,4-dimethylphenyl)-1,3,54riazine 

Jin-Sheng Huang, Mao-Kui Li, Yang-Yi Yang, Seik Weng Ng and Edward R. T. Tiekink 

Comment 

s-Triphenyltriazine forms a number of adducts with metal salts; its crystal structure was reported some time ago (Damiani 
et al, 1965). The crystal structures of substituted derivatives have also been reported, e.g. the /?-tolyl (Thalladi et al, 
1999; Volkis et al, 2003). The structure of tris(mesityl)-l,3,5-triazine is known as its silver adduct (Bosch & Barnes, 
2002). Herein, the crystal and molecular structure of 2,4,6-tris(2,4-dimethylphenyl)-l,3,5-triazine (I) is described. 

Two independent molecules comprise the crystallographic asymmetric unit of (I), Fig. 1 . The molecules are virtually 
superimposable as seen from the overlay diagram, Fig. 2. With respect to the central 1,3,5-triazine ring with the Nl — N3 
atoms, the dihedral angles with the attached benzene rings C4— C9, C12 — C17 and C20— C25 are 29.75 (15), 26.26 (15) 
and 21.22 (15)°, respectively. The comparable dihedral angles for the N4 — N6 triazine and the C31 — C36, C39 — C44 
and C47— C52 rings are 25.23 (15), 31.36 (14) and 20.88 (14)°, respectively. Within each molecule, one of the 2,4-di- 
methylphenyl residues is orientated in the opposite direction to the other two so that the molecules do not have molecular 
3 -fold symmetry. Overall, the shape of each molecule is of a flattened bowl. 

The crystal packing is dominated by C — H---7T, Table 1, and w — n interactions. The former occur between the 
independent molecules with each forming two donor and two acceptor interactions. The n — n interactions occur between 
like molecules with the shortest contacts occurring between triazine and benzene rings [inter-centroid (Nl- 
triazine)---(C20-C25)' distance = 3.7800 (18) A, angle of inclination = 21.22 (15)° for symmetry operation i: 1 - x, 1 -y, 2 
- z, and inter-centroid (N4-triazine)-(C47-C52) ii distance = 3.7696 (17) A, angle of inclination = 20.88 (14)° for 
symmetry operation i: -x, 1 - y, 2 - z]. The result is the formation of supramolecular layers in the ac plane that stack along 
the b axis with no specific interactions between them, Fig. 3. 

Experimental 

The compound was synthesized by the Friedel-Crafts arylation of cyanuric chloride with excess m-xylene in the presence 
of aluminium trichloride (Orban et al., 1988). 

Aluminium chloride (8.7 g, 0.066 mol) was added to cyanuric chloride (4.0 g, 0.022 mol) in chlorobenzene (20 ml). The 
suspension was stirred by spinning a stirrer at about 250 rpm. It was then heated at 358 K for 20 min. w-Xylene (3.0 ml, 
0.0242 mol) was added over 30 min; the reaction was exothermic. A second 3 ml portion was added over the next 30 min. 
The small amount of hydrogen chloride gas that was released was neutralized by 5% sodium hydroxide. A further 3 ml 
was added over 30 min while keeping the mixture heated at 373 K. The dark-brown reaction mixture was additionally 
stirred at 378 K for another 20 min. 

The warm reaction mixture was added to water (30 ml). The mixture was stirred at 333 K for 10 min. The organic phase 
was separated and treated with 5% hydrochloric acid. This procedure was repeated. 

The solvent was removed and the dark-brown residue was dried at 373 K. It was then transferred it into a 100 ml 
distillation flask. Toluene (50 ml) was added and the mixture heated at 348 K. To this was added ethanol (15 ml). The 
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solution was set aside for the crystallization of the compound to give 5.4 g of a light-yellow product. The pure compound 
was obtained as colourless plates after recrystallization from a toluene and ethanol (5:1) mixture in a yield of 3.5 g. 

Refinement 

Carbon-bound H-atoms were placed in calculated positions [C — H = 0.95 to 0.98 A, C/ is0 (H) 1.2 to 1.5£/eq(C)] and were 
included in the refinement in the riding model approximation. The crystal is a non-merohedral twin with a twin 
component of 20.7 (3)%; the twin components were identified by the TwinRotMat routine in PLATON (Spek, 2009). 

Owing to poor agreement several reflections, i.e. (4 2 4), (3 5 16), (4 4 6), (4 1 0), (4 3 8), (3 5 16), (4 4 0) and (4 2 2), 
were omitted from the final refinement. 

Computing details 

Data collection: CrysAlis PRO (Agilent, 2012); cell refinement: CrysAlis PRO (Agilent, 2012); data reduction: CrysAlis 
PRO (Agilent, 2012); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: X-SEED (Barbour, 2001), Qmol (Gans & Shalloway, 2001) 
and DIAMOND (Brandenburg, 2006); software used to prepare material for publication: publCIF (Westrip, 2010). 




Figure 1 

The molecular structures of the two independent molecules comprising the asymmetric unit of (I) showing displacement 
ellipsoids at the 70% probability level. 
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Figure 2 

An overlay diagram of two independent molecules in (I). The Nl -containing molecule is illustrated in red and the N4- 
molecule in blue. Molecules have been aligned so that the N1,N2,N3 and N5,N6,N4 planes are overlapped. 
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Figure 3 

A view in projection down the c axis of the unit-cell contents for (I). The C — H--7T and ti-tz interactions are shown as 
purple and orange dashed lines, respectively. 



2,4,6-Tris(2,4-dimethylphenyl)-1,3,5-triazine 



Crystal data 

C27H27N3 
M r = 393.52 
Triclinic, PI 
Hall symbol: -P 1 
a = 7.4663 (4) A 
b= 15.0789 (13) A 
c= 19.7266(12) A 
a = 109.016(7)° 
,5 = 90.949 (5)° 



y = 93.717 (6)° 
V= 2093.6 (2) A 3 
Z=4 

P(000) = 840 

£> x = 1.248 Mgrn" 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 2806 reflections 

(9 = 2.7-27.5° 

H = 0.07 mm" 1 
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T= 100 K 
Plate, colourless 

Data collection 

Agilent SuperNova Dual 

diffractometer with an Atlas detector 
Radiation source: SuperNova (Mo) X-ray 

Source 
Mirror monochromator 
Detector resolution: 10.4041 pixels mm 1 
m scan 

Absorption correction: multi-scan 
(CrysAlis PRO; Agilent, 2012) 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

RiF 1 > 2<t(^ 2 )] = 0.085 

wRiF 2 ) = 0.222 

S = 1.04 

9597 reflections 

554 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



Fractional atomic coordinates and isotropic or 





X 


y 


Nl 


0.2281 (4) 


0.3830 (2) 


N2 


0.2497 (4) 


0.2425 (2) 


N3 


0.2594 (4) 


0.3902 (2) 


N4 


0.2354 (3) 


0.6128 (2) 


N5 


0.2624 (4) 


0.6141 (2) 


N6 


0.2400 (4) 


0.7575 (2) 


CI 


0.2352 (4) 


0.2892 (2) 


C2 


0.2602 (4) 


0.2959 (2) 


C3 


0.2415 (4) 


0.4304 (2) 


C4 


0.2182 (4) 


0.2313 (2) 


C5 


0.2769 (4) 


0.2636 (2) 


C6 


0.2461 (4) 


0.2028 (3) 


H6 


0.2847 


0.2238 


C7 


0.1615 (5) 


0.1129 (3) 


C8 


0.1094(4) 


0.0810(2) 


H8 


0.0544 


0.0193 


C9 


0.1381 (4) 


0.1396 (2) 


H9 


0.1026 


0.1171 


C10 


0.3764 (5) 


0.3579 (3) 


H10A 


0.4585 


0.3746 


H10B 


0.2899 


0.4060 


H10C 


0.4451 


0.3543 


Cll 


0.1230 (5) 


0.0521 (3) 



0.30 x 0.15 x 0.05 mm 



7^ = 0.978,7^ = 0.996 
14777 measured reflections 
9605 independent reflections 
5518 reflections with I > 2o(I) 
R im = 0.058 

^max 27.6 , $min 2.7 

h = -9^7 
& = -16->19 
/= -25^25 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = 1/[cj 2 (F 0 2 ) + (0.0673F) 2 + 1.4043P] 

where P = {F 2 + 2F 2 )I?> 
(A/(7) max = 0.001 
A/w = 0.36 e A~ 3 
Ap mill = -0.39 e A" 3 

isotropic displacement parameters (A 2 ) 



z 


II- *IIJ 


0.89667 (14) 


0.0177 


(6) 


0.92575 (14) 


0.0178 


(6) 


1.01875 (14) 


0.0169 


(6) 


0.57186 (14) 


0.0164 


(6) 


0.45247 (14) 


0.0171 


(6) 


0.54849 (14) 


0.0183 


(6) 


0.87866 (17) 


0.0164 


(7) 


0.99515 (17) 


0.0169 


(7) 


0.96749 (17) 


0.0160 


(7) 


0.80171 (18) 


0.0180 


(7) 


0.74558 (18) 


0.0197 


(7) 


0.67513 (18) 


0.0205 


(8) 


0.6369 


0.025* 




0.65849 (18) 


0.0213 


(8) 


0.71473 (18) 


0.0199 


(7) 


0.7048 


0.024* 




0.78498 (18) 


0.0195 


(7) 


0.8228 


0.023* 




0.75557 (18) 


0.0235 


(8) 


0.7978 


0.035* 




0.7624 


0.035* 




0.7130 


0.035* 




0.58162 (18) 


0.0277 


(9) 
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A A 1 1 1 

U.U13 1 


(16) 


C43 


U.U181 (17) 


0.027 (2) 


0.0188 (18) 


0.0031 (14) 


0.0032 (13) 


0.0139 


(16) 


C44 


U.0180(17) 


0.0181 (18) 


0.0185 (18) 


-0.0002 (13) 


0.0035 (13) 


0.0087 


(15) 


C45 


U.U266 (iy) 


0.0191 (19) 


0.025 (2) 


0.0012(14) 


0.0038 (14) 


0.0139 


(16) 


C46 


0.02y (2) 


0.023 (2) 


0.0215 (19) 


-0.0018 (15) 


-0.0043 (14) 


0.0097 


(16) 


C47 


0.0156(17) 


0.0231 (19) 


0.0147(17) 


0.0012(13) 


0.0005 (12) 


0.0108 


(15) 
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C4o (J.Ulo/ \Vo) 


n All/I /I Q\ 

(J.UZZ4 {iy) 


A ATA/T /I AN 

U.UzUo (l^J 


A A A AT /I A\ 

— U.UUU/ {14) 


-0.0021 (13) 0.0105 (15) 


CAQ 0 09 1 ^ (\ SC\ 


0 09 1 Q H OA 


0 01 RP. (\ &\ 


0 OOdd (\ X A\ 


0.0003 (13) 


0.0076 (15) 


C50 0.0208 (18) 


0.0185 (18) 


0.0229(19) 


-0.0013 (14) 


-0.0022 (13) 0.0103 (16) 


C51 0.0234 (19) 


0.0200 (19) 


0.0227 (19) 


0.0000(14) 


0.0022 (14) 


0.0144 (16) 


C52 0.0187 (18) 


0.0202 (18) 


0.0150(17) 


0.0001 (13) 


0.0007 (13) 


0.0086 (15) 


C53 0.0214(19) 


0.026 (2) 


0.0218 (19) 


0.0024 (14) 


0.0015 (14) 


0.0117 (16) 


C54 0.038 (2) 


0.018 (2) 


0.026 (2) 


0.0004 (16) 


0.0031 (16) 


0.0110 (17) 


Geometric parameters (A 


") 










Nl — C3 


1 1 A C / A \ 

1.345 (4) 




C26 — Hz 6 A 




A QQAA 


Nl — CI 


1.346 (4) 




C26 — H26B 




A OQAA 


Nz — C2 


1.341 (4) 




Czo — H26C 




A OQAA 


N2 — CI 


1 1 A-i f A\ 

1.343 (4) 




C27 — H27A 




A QSAA 


JN3 — C2 


1 1 A A iA \ 

1.344 (4) 




Cz / — Hz /B 




A QQAA 


XTI /~i O 

N3 — C3 


1 "1 AH ( A\ 

1.347 (4) 




pn TTnr 1 

C27 — H27C 




A OQAA 


XT A /"''I O 

N4 — C28 


1.338 (4) 




/" ,, i o n i 

C28 — C3 1 




1 /icj 
1 .40 j (p J 


N4 — C29 


1.338 (4) 




C29 — C47 




1 .4 /o (pj 


JN5 — C30 


1 T /I A f A \ 

1.344 (4) 




C30 — C39 






N5 — C29 


1.350 (4) 




p •■> 1 p* /" 
C31 — C36 






N6 — C30 


1.337 (4) 




C31 — C32 




1.413 (4 J 


No — C28 


1.347 (4) 




C32 — C33 




1 .4UJ (3 J 


P 1 p A 

CI — C4 


1.483 (5) 




nil 

C32 — C37 




1 . J 1 Z ^4J 


C2 — C12 


1.487 (5) 




C33 — C34 




1 iqa 
i .jy4 (^j j 


C3 — C20 


1 AO A SC\ 

1.484 (5) 




PI 1 TT1 1 

C33 — H33 




A qcaa 


C4 — C9 


1.403 (5) 




C34 — C35 




I.jVj (DJ 


C4 — C5 


1.412 (5) 




C34 — C38 




1.JU4 (Jj 


f • r p / 

C5 — Co 


1.399 (5) 




PIC PI 

C35 — C36 




1 ion 
l.jyU (j ) 


PC p | ( \ 

C5 — C10 


1.513 (5) 




PIC TT1 C 

C35 — H35 




A QCAA 


C6 — C7 


1.391 (5) 




P 1 Z' T T") /" 

C36 — H36 




A O^AA 


P TT/" 

Co — Ho 


A ACAA 

0.9500 




C37 — H37A 




A OQAA 


p -7 no 

C7 — C8 


1.397 (5) 




pn TTnn 

C37 — H37B 




A OQAA 


C7 — Cll 


1.506 (5) 




pn yrnr 

C37 — H37C 




A OQAA 


C8 — C9 


1.383 (5) 




p o T TT O A 

C38 — H38A 




A OQAA 


p o T TO 

C8 — H8 


A ACAA 

0.9500 




p 'J O TT1 OT) 

C38 — H38B 




A OQAA 


P (\ TTl-4 

C9 — H9 


A A C A A 

0.9500 




PI O T T") OP 

C38 — H38C 




A QSAA 


CIO — H10A 


0.9800 




C39 — C44 




1 *2QQ i A\ 

i.jyy (^4j 


pi A TT 1 ATI 

C10 — H1UB 


A AOAA 

0.9800 




/""? A p /I A 

C39 — C40 




1.4UJ (^4J 


p i f\ Tj i nr 
C1U — H1UC 


U.98UU 




C4U — C41 




1 ICC 


p 11 T T 1 1 A 

Cll — H11A 


A AOAA 

0.9800 




P /I A T T A A 

C40 — H40 




A O^AA 


p 11 t t 1 1 r> 

Cll — HUB 


A A O A A 

0.9800 




P /I 1 P A ^ 

C41 — C42 




1 'J CO f<\ 

i.joy (j>) 


/HI 1 TT1 1 p 

Cll — H11C 


A AOAA 

0.9800 




p /I 1 TT /I 1 

C41 — H41 




A Q^AH 

u.yjuu 


C12 — C13 


1.398 (4) 




p /l ^) p /] o 

C42 — C43 




1.388 (5) 


f ' 1 'I P 1 "7 

Cl2 — C17 


1 yl A O / /I \ 

1.408 (4) 




P /I 1 P /I c 

C42 — C45 




1.514(4) 


CI J — C14 


1.392 (3) 




z" 1 A 1 A A 

C4j — C44 




1.399 (4) 


C13— H13 


0.9500 




C43— H43 




0.9500 


C14— C15 


1.388 (5) 




C44 C46 




1.519(4) 


C14— H14 


0.9500 




C45— H45A 




0.9800 


C15— C16 


1.393 (5) 




C45— H45B 




0.9800 


C15— C18 


1.506 (5) 




C45— H45C 




0.9800 
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C16— C17 
C16— H16 
C17— C19 
CI 8— H18A 
C18— H18B 
CI 8— H18C 
C19— H19A 
C19— H19B 
C19— H19C 
C20— C21 
C20— C25 
C21— C22 
C21— H21 
C22— C23 
C22— H22 
C23— C24 
C23— C26 
C24— C25 
C24— H24 
C25— C27 



1.398 (5) 
0.9500 
1.513 (5) 
0.9800 
0.9800 
0.9800 
0.9800 
0.9800 
0.9800 
1.402 (4) 
1.411 (5) 
1.389 (5) 
0.9500 
1.401 (5) 
0.9500 
1.386 (5) 
1.515 (5) 
1.404 (5) 
0.9500 
1.514(4) 



C46— H46A 
C46— H46B 
C46— H46C 
C47— C48 
C47— C52 
C48— C49 
C48— C53 
C49— C50 
C49— H49 
C50— C51 
C50— C54 
C51— C52 
C51— H51 
C52— H52 
C53— H53A 
C53— H53B 
C53— H53C 
C54— H54A 
C54— H54B 
C54— H54C 



0.9800 

0.9800 

0.9800 

1.405 (5) 

1.409 (4) 

1.403 (5) 

1.519(5) 

1.387 (5) 

0.9500 

1.399 (5) 

1.510(5) 

1.379 (5) 

0.9500 

0.9500 

0.9800 

0.9800 

0.9800 

0.9800 

0.9800 

0.9800 



C3— Nl— CI 
C2— N2— CI 
C2— N3— C3 
C28— N4— C29 
C30— N5— C29 
C30— N6— C28 
N2— CI— Nl 
N2— CI— C4 
Nl— CI— C4 
N2— C2— N3 
N2— C2— C12 
N3— C2— C12 
Nl— C3— N3 
Nl— C3— C20 
N3— C3— C20 
C9— C4— C5 
C9— C4— CI 
C5— C4— CI 
C6— C5— C4 
C6— C5— CIO 
C4— C5— CIO 
C7— C6— C5 
C7— C6— H6 
C5— C6— H6 
C6— C7— C8 
C6— C7— Cll 
C8— C7— Cll 
C9— C8— C7 



115.2 (3) 
115.5 (3) 
115.6(3) 
116.5 (3) 
114.8(3) 
115.1 (3) 
124.8 (3) 
116.5 (3) 
118.7(3) 

124.4 (3) 

117.3 (3) 

118.1 (3) 

124.5 (3) 
119.3 (3) 

116.2 (3) 
119.2 (3) 
117.0(3) 

123.7 (3) 
117.8(3) 
117.1 (3) 
125.1 (3) 
123.0 (3) 
118.5 
118.5 
118.5 (3) 

120.8 (3) 
120.7 (3) 
119.9(3) 



C25— C27— H27C 
H27A— C27— H27C 
H27B— C27— H27C 
N4— C28— N6 
N4— C28— C31 
N6— C28— C31 
N4— C29— N5 
N4— C29— C47 
N5— C29— C47 
N6— C30— N5 
N6— C30— C39 
N5— C30— C39 
C36— C31— C32 
C36— C31— C28 
C32— C31— C28 
C33— C32— C31 
C33— C32— C37 
C31— C32— C37 
C34— C33— C32 
C34— C33— H33 
C32— C33— H33 
C33— C34— C35 
C33— C34— C38 
C35— C34— C38 
C36— C35— C34 
C36— C35— H35 
C34— C35— H35 
C35— C36— C31 



109.5 
109.5 
109.5 
124.0 (3) 
118.2 (3) 
117.6(3) 

124.0 (3) 
116.9(3) 

119.1 (3) 
125.5 (3) 

117.2 (3) 

117.3 (3) 
118.8 (3) 

117.5 (3) 

123.6 (3) 
117.9(3) 
117.3 (3) 

124.7 (3) 
123.0 (3) 
118.5 
118.5 
118.2 (3) 

120.8 (3) 
121.0(3) 
119.9(3) 
120.0 
120.0 
122.0 (3) 
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C9 — C8 — Ho 


1 OA 1 

120.1 


/■~1 ^7 /-i o TTO 

C7 — C8 — H8 


1 OA 1 

120.1 


C8 — C9 — 04 


1 O 1 z' /O \ 

121.6 (3) 


C8 — C9 — H9 


119.2 


C • a /"< A T to 

C4 — C9 — H9 


119.2 


r~\ r r~A 1 /\ tti a t 

C5 — CIO — HI OA 


109.5 


/-if rii a iti ATI 

C5 — C 1 0 — H 1 OB 


1 AA C 

109.5 


tti A A /" 1 1 l\ T T 1 An 

H10A — CIO — H10B 


109.5 


C ' c pin TTI A/-1 

L5 — C 1 0 — H 1 OL 


1 AA C 

109.5 


T T 1 A A l~ A 1 A T T 1 A 

H10A — CIO — H10C 


109.5 


TTI ATI /"l 1 f\ TTI A/1 

H 1 OB — C 1 0 — H IOC 


1 AA C 

109.5 


r~\ i-i /"-< i -i TT1 1 A 

C7 — Cll — H11A 


109.5 


C / — Cll — Hi IB 


109.5 


TT11A n 1 tti 1 T) 

H11A — Cll — HUB 


109.5 


f ' -7 f~A 11 TTI 1 /~1 

C7 — Cll — H11C 


109.5 


T T 1 1 A /"i 11 T T 1 1 /"< 

H11A — Cll — H11C 


109.5 


TTI 1 f) /"• 1 1 TTI 1 p 

HUB — Cll — H11L 


1 AA C 

109.5 


C13 — C12 — C17 


1 1 A 1 /") \ 

119.1 (3) 


C13 — C12 — C2 


116.9 (3) 


C17 — C12 — C2 


123.9 (3) 


C14 — CI J — C12 


111 A 

121.4 (3) 


r* 1 1 tti i 

C14 — CI 3 — HI 3 


119.3 


C12 — C13 — H13 


119.3 


C15 — C14 — C13 


1 O A O S") \ 

120.3 (3) 


r^i/i 01/1 
ClD — C14 — H14 


iiy.9 


f • 1 /~i 1,1 T T 1 /I 

C13 — C14 — H14 


1 1 A O 

119.8 


C14 — C15 — C16 


1 1 n o /") \ 

117.8 (3) 


r~< \ a z no 

C14 — C15 — C18 


111 1 \ 

121.1 (3) 


Clo — CI 5 — CI 8 


121.1 (j) 


C15 — C16 — C17 


1 OO /I /O \ 

123.4 (3) 


C15 — Clo — H16 


118.3 


C17 — Clo — H16 


1 1 O 1 

118.3 


Clo — C17 — C12 


117.8 (3) 


Clo — C17 — C19 


117.6 (3) 


C12 — C17 — C19 


124.6 (3) 


/"" 1 C | C) TT10A 

C15 — C18 — H18A 


1 AA C 

109.5 


c • \ c /"• i o tti on 

L15 — C18 — HloB 


1 AA Z 

109.5 


T T 1 O A / i o T T 1 on 

H18A — C18 — H18B 


109.5 


f ' i c /~1 1 O T T 1 O f A 

C15 — C18 — H18C 


109.5 


TT10A mo TT1 or 

H18A — Clo — H18L 


1 A A Z 

109.5 


tti on /"MO TT1 or 1 

H 1 8B — L 1 8 — H 1 oC 


1 AA Z 

109.5 


< i ^ < i r\ T T 1 A A 

C17 — C19 — H19A 


109.5 


/— > 1 -T /"> 1 A TTI ATT 

C17 — C19 — H19B 


1 AA Z 

109.5 


H19A — C19 — H19B 


1 An c 
109.5 


C17— C19— H19C 


109.5 


H19A— CI 9— H19C 


109.5 


H19B— C19— H19C 


109.5 


C21— C20— C25 


118.8(3) 


C21— C20— C3 


117.1 (3) 



i^O Z /"'I / TTO/' 

C3 5 — C3 6 — H3 6 


119.0 


C31 — C36 — H36 


119.0 


nil n-)n T TO T A 

C32 — C37 — H37A 


109.5 


C32 — C37 — H37B 


109.5 


TTOT a /~*oi unn 

H37A — C37 — H37B 


109.5 


C32 — C37 — H37C 


109.5 


TT11 A /~1"1 '"I TT'THn 

H37A — C37 — H37C 


109.5 


H37B — C37 — H37C 


109.5 


/— • J to T TO O A 

C34 — C38 — H38A 


109.5 


z~i ^> ,1 /■ to tto on 

C34 — C38 — H38B 


109.5 


TTOO A /"i -) o TTOOn 

H38A — C38 — H38B 


1 AA Z 

109.5 


/"i O /I /-" " oo TTOO /"i 

C34 — C38 — H38C 


109.5 


TTOO A /"i ~) O TTOO/" 1 

H38A — C38 — H38C 


1 AA Z 

109.5 


TTO On f ' O O TTIO /" ' 

H38B — C38 — H38C 


109.5 


C44 — C39 — C40 


1 1 O A /"> \ 

H8.9 (3) 


/"i /I A /"i 1 A /" " O A 

C44 — C39 — C30 


124.6 (3) 


i~\ A f\ ~) A /"iOA 

C40 — C39 — C30 


H6.5 (3) 


C41 — C40 — C39 


121.5 (3) 


C4 1 — C40 — H40 


H9.3 


/"iOA ri <a T T A A 

C39 — C40 — H40 


H9.3 


r/iA /"Mi r"/n 

L40 — C41 — L42 


1 OA A /") \ 

120.0 (3) 


/n 1 A /- 1 /I 1 TT /f 1 

C40 — C4 1 — H4 1 


1 OA A 

120.0 


C42 — C4l — H4l 


120.0 


/"i /I O /"* /I O /"i /I 1 

C4 3 — C42 — C4 1 


118.4 (3) 


C43 — C42 — C45 


1 OA A ZO\ 

120.4 (3) 


/"i A 1 /' /l ^ /" ' j 

C4 1 — C42 — C45 


1 O 1 O /") \ 

121.2 (3) 


C42 — C43 — C44 


122.7 (3) 


/"i /i o /"< TT/n 

C42 — C43 — H43 


118.6 


A A A O TT/IO 

C44 — C43 — H43 


118.6 


C39 — C44 — C43 


118.4 (3) 


C39 — C44 — C46 


124.8 (3) 


C43 — C44 — C46 


116.8 (3) 


A Z U A z \ 

C42 — C45 — H45A 


1 AA Z 

109.5 


C42 — C45 — H45B 


109.5 


T T A C A <l r TT d f*"n 

H45A — C45 — H45B 


109.5 


C42 — C45 — H45C 


109.5 


TT A Z A /"i /I C TT/1 f /"i 

H45A — C45 — H45C 


109.5 


t t a r*"n /~i /i r t t a r 

H45B — C45 — H45C 


109.5 


C44 — C46 — H46A 


109.5 


/"■• a a a /- TT/i/^n 

C44 — C46 — H46B 


1 AA Z 

109.5 


T T A f~ A /' /i /" t T A /" T"> 

H46A — C46 — H46B 


109.5 


/—i a A r ■< A /~ T T A f f ^ 

C44 — C46 — H46C 


109.5 


TT A f A /"l ^ z' t t ,1 /' i 

H46A — C46 — H46C 


109.5 


H46B — C46 — H46C 


1 An c 

109.5 


C48— C47— C52 


118.8(3) 


C48— C47— C29 


124.5 (3) 


C52— C47— C29 


116.7(3) 


C49— C48— C47 


118.0(3) 


C49— C48— C53 


116.8(3) 
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C25— C20— C3 124.0 (3) 

C22— C21— C20 122.1 (3) 

C22— C21— H21 119.0 

C20— C21— H21 119.0 

C21— C22— C23 119.7(3) 

C21— C22— H22 120.2 

C23— C22— H22 120.2 

C24— C23— C22 118.2(3) 

C24— C23— C26 121.6(3) 

C22— C23— C26 120.2 (3) 

C23— C24— C25 123.4 (3) 

C23— C24— H24 118.3 

C25— C24— H24 118.3 

C24— C25— C20 117.8(3) 

C24— C25— C27 116.9(3) 

C20— C25— C27 125.3 (3) 

C23— C26— H26A 109.5 

C23— C26— H26B 109.5 

H26A— C26— H26B 109.5 

C23— C26— H26C 109.5 

H26A— C26— H26C 109.5 

H26B— C26— H26C 109.5 

C25— C27— H27A 109.5 

C25— C27— H27B 109.5 

H27A— C27— H27B 109.5 

C2— N2— CI— Nl -1.1 (5) 

C2— N2— CI— C4 -178.3 (3) 

C3— Nl— CI— N2 1.7(5) 

C3— Nl— CI— C4 178.9 (3) 

CI— N2— C2— N3 -0.9(5) 

CI— N2— C2— C12 175.1 (3) 

C3— N3— C2— N2 1.9(5) 

C3— N3— C2— C12 -174.0(3) 

CI— Nl— C3— N3 -0.5 (5) 

CI— Nl— C3— C20 178.5 (3) 

C2— N3— C3— Nl -1.1 (5) 

C2— N3— C3— C20 179.8 (3) 

N2— CI— C4— C9 28.5 (4) 

Nl— CI— C4— C9 -148.9(3) 

N2— CI— C4— C5 -151.8(3) 

Nl— CI— C4— C5 30.8 (5) 

C9— C4— C5— C6 2.2 (5) 

CI— C4— C5— C6 -177.5 (3) 

C9— C4— C5— CIO -175.7 (3) 

CI— C4— C5— CIO 4.6 (5) 

C4— C5— C6— C7 -0.2 (5) 

CIO— C5— C6— C7 177.9 (3) 

C5— C6— C7— C8 -1.8(5) 



C47— C48— C53 125.1 (3) 

C50— C49— C48 123.4 (3) 

C50— C49— H49 118.3 

C48— C49— H49 118.3 

C49— C50— C51 117.6(3) 

C49— C50— C54 121.5 (3) 

C51— C50— C54 121.0(3) 

C52— C51— C50 120.6(3) 

C52— C51— H51 119.7 

C50— C51— H51 119.7 

C51— C52— C47 121.5(3) 

C51— C52— H52 119.2 

C47— C52— H52 119.2 

C48— C53— H53A 109.5 

C48— C53— H53B 109.5 

H53A— C53— H53B 109.5 

C48— C53— H53C 109.5 

H53A— C53— H53C 109.5 

H53B— C53— H53C 109.5 

C50— C54— H54A 109.5 

C50— C54— H54B 109.5 

H54A— C54— H54B 109.5 

C50— C54— H54C 109.5 

H54A— C54— H54C 109.5 

H54B— C54— H54C 109.5 

C29— N4— C28— N6 1.7(5) 

C29— N4— C28— C31 -173.6(3) 

C30— N6— C28— N4 -0.6 (5) 

C30— N6— C28— C31 174.8(3) 

C28— N4— C29— N5 "1-4(5) 

C28— N4— C29— C47 179.1 (3) 

C30— N5— C29— N4 0.0 (4) 

C30— N5— C29— C47 179.5 (3) 

C28— N6— C30— N5 -1.0(5) 

C28— N6— C30— C39 -178.4 (3) 

C29— N5— C30— N6 1.2(5) 

C29— N5— C30— C39 178.6 (3) 

N4— C28— C31— C36 154.1 (3) 

N6— C28— C31— C36 -21.6(5) 

N4— C28— C3 1— C32 -21.5 (5) 

N6— C28— C31— C32 162.8 (3) 

C36— C31— C32— C33 "4.2(5) 

C28— C31— C32— C33 171.3(3) 

C36— C31— C32— C37 174.0(3) 

C28— C31— C32— C37 -10.5(5) 

C31— C32— C33— C34 1.1 (5) 

C37— C32— C33— C34 -177.2 (3) 

C32— C33— C34— C35 2.4 (5) 
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C5- 


-C6— C7— Cll 


176.8 (J) 


L3z — C33 — C34 — L38 


1 77 1 /") \ 

-177.3 (3) 


C6- 


-C7— C8— C9 


1 7 f C\ 

1.7(5) 


C33 — C34 — C35 — C36 


-2.6 (5) 


Cll— C7— C8— C9 


1 7 £L O S1\ 

-176.8 (3) 


L38 — C34 — C35 — C36 


1 77 A *"} \ 

177.0 (3) 


C7- 


-C8— C9— C4 


0.3 (5) 


C34 — C35 — C36 — C3 1 


-0.5 (5) 


C5- 


-C4— C9— C8 


-2.3 (5) 


C32 — C3 1 — L36 — C35 


A A /C\ 

4.0(5) 


Cl- 


-C4— C9— C8 


177.5 (3) 


C28 — C31 — C36 — C35 


17 1 O /I \ 

-171.8 (3) 


N2- 


-C2— CI 2— C13 


-23.1 (4) 


N 6 — C3 0 — C3 9 — C44 


151.5 (3) 


N3- 


-C2— CI 2— C13 


153.1 (3) 


xtc nn /""> n a a 

iN 5 — C 3 0 — L 3 9 — C44 


OA A /f \ 

30.9 (5) 


N2- 


-C2— CI 2— C17 


160.4 (3 J 


JN 6 — C 3 0 — C 3 9 — C40 


3U.1 (4J 


N3- 


-C2— CI 2— C17 


-23.3 (5) 


N5 — C30 — C39 — C40 


w ah c si \ 

-147.5 (3) 


C17— C12— C13— C14 


3.9(5) 


C44 — C3 9 — C40 — C4 1 


-3.4 (5) 


C2- 


-C12— C13— C14 


1 Tl O /'J \ 

-172.8 (3) 


C30 — L39 — C40 — L41 


175.1 (3) 


C12- 


-C13— C14— C15 


A 7 /f \ 

-0.7 (5) 


C39 — C40 — C41 — C42 


1 7 /C\ 

1.2 (5) 


C13- 


-C14— C15— C16 


-2.6 (5) 


C40 — C4 1 — C42 — C43 


7 1 /C\ 

2.1 (5) 


C13- 


-C14— C15— C18 


177.5 (3) 


C40 — C41 — C42 — C45 


1 7 C A \ 

-175.9 (3) 


C14- 


-C15— C16— C17 


2.8 (5) 


C41 — C42 — C43 — C44 


-3.2 (5) 


C18- 


-C15— C16— C17 


-177.4 (3) 


L45 — C42 — C43 — L44 


17/1 O /T \ 

174.8 (3) 


C15- 


-C16— C17— C12 


0.4 (5) 


C40 — C39 — C44 — C43 


2.3 (5) 


C15- 


-C16— C17— C19 


177 7 /7 \ 

-177.7(3) 


C30 — C39 — C44 — C43 


-176.1 (3) 


C13- 


-C12— C17— C16 


-3.6 (5) 


C • A l\ A f' A A A H 

C40 — C39 — C44 — C46 


1 n £ a 

-176.4 (3) 


C2- 


-C12— C17— C16 


1 TO "7 

1 11. 1 (3) 


LJU — C39 — C44 — C46 


5.2 (5) 


C13— C12— C17— C19 


174.3 (3) 


C42 — C43 — C44 — C39 


1 A /C\ 

1.0 (5) 


C2- 


-C12— C17— C19 


-9.3 (5) 


f ^ A ^ Z' ' A ■-y /-I A A f ' A f 

C42 — C43 — C44 — C46 


1 7 A O \ 

179.8 (3) 


Nl- 


-C3— C20— C21 


-158.5 (3) 


N4 — C29 — C47 — C48 


1 C A A \ 

-159.9 (3) 


N3- 


-C3— C20— C21 


20. / (4) 


JN5 — C29 — C4 / — C4s 


2U.6 (5) 


Nl- 


-C3— C20— C25 


'"I A 1 /C\ 

20.3 (5) 


N4 — C29 — C47 — C52 


20.1 (4) 


N3- 


-C3— C20— C25 


-160.5 (3) 


N5 — C29 — C47 — C52 


-159.5 (3) 


C25- 


-C20— C21— C22 


-1.6(5) 


C52 — C47 — C48 — C49 


2.3 (5) 


C3- 


-C20— C21— C22 


1 77 7 /1\ 

177.2 (3) 


C29 — C47 — C48 — C49 


1 77 7 /"> \ 

-177.7 (3) 


C20- 


-C21— C22— C23 


A 1 /C\ 

-0.1 (5) 


C52 — C47 — C48 — C53 


-176.0 (3) 


C21- 


-C22— C23— C24 


1.5 (5) 


C29 — C47 — C48 — C53 


3.9 (5) 


C21- 


-C22— C23— C26 


1 77 7 S1\ 

-177.2 (3) 


C47 — C48 — L49 — C50 


-0.3 (5) 


C22- 


-C23— C24— C25 


1 7 fZ\ 

-1.2 (5) 


C53 — C48 — C49 — C5U 


1 70 O S1\ 

1 /8.Z (3J 


C26- 


-C23— C24— C25 


1 77 C /I \ 

177.5 (3) 


C48 — C49 — C50 — C5 1 


1 7 \ 

-1.7 (5) 


C23- 


-C24— C25— C20 


-0.6 (5) 


C48 — C49 — C50 — C54 


1 77 ■*? /") \ 

177.3 (3) 


C23- 


-C24— C25— C27 


177.4 (3) 


C49— C50— C51— C52 


1.7(5) 


C21- 


-C20— C25— C24 


1.9(5) 


C54— C50— C51— C52 


-177.3 (3) 


C3- 


-C20— C25— C24 


-176.9(3) 


C50— C51— C52— C47 


0.3 (5) 


C21- 


-C20— C25— C27 


-175.8(3) 


C48— C47— C52— C51 


-2.4 (5) 


C3- 


-C20— C25— C27 


5.4 (5) 


C29— C47— C52— C51 


177.7 (3) 



Hydrogen-bond geometry (A, °) 










Cgl-Cg4 are the centroids of the C39-C44, C31- 


-C36, C12-C17 and C4-C9 rin^ 


;s, respectively. 






D—a-A 


D — H 


u-a 


D-A 


D—U-A 


en— miB-cgV 


0.98 


2.97 


3.777 (4) 


140 


C 18— HI 85 - 0^2" 


0.98 


2.91 


3.688 (4) 


137 
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C38— H380Cg3 Ul 0.98 2.84 3.756 (4) 155 

C45— U45B-Cg4 ,v 0.98 2.77 3.596 (4) 142 

Symmetry codes: (i) -x, -y+\, -z+1; (ii) -x, -y+l, -z+2; (iii) -x+l, -y+l, -z+2; (iv) -x+1, -y+l, -z+1. 
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